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Abstract Grip strength (GS) has an age- and gender-

dependent decline with advancing age. One study com-

paring GS among extremely old show a North–South

gradient with lowest GS in Italy compared to France

(intermediary) and Denmark (highest) even after adjusting

for confounders. As GS is associated with higher rates of

functional decline and mortality, and thus may be used as a

health indicator, it is of interest to examine whether the

results on extremely old can be reproduced in a large-scale

European survey. GS was measured in a cross-sectional

population-based sample of 27,456 individuals aged 50? in

11 European countries included in the SHARE survey. We

made a cross-country comparison of the age trajectory of

GS in both genders. Northern-continental European coun-

tries had higher GS than southern European countries even

when stratifying by age and gender and controlling for

height, weight, education, health and socioeconomic status.

The relative excess was found to be 11% and the absolute

difference 5.0 kg for 50- to 54-year-old men, increasing to

28% and 6.9 kg among 80? year-old men. The corre-

sponding figures for women were 16% and 4.3 kg, and 21%

and 3.5 kg, respectively. Southern European countries have

lower GS in the age range 50? year. Gene–environment

interactions may explain country-specific differences. The

use of GS in cross-national surveys should control not only

for age and gender, but also for nationality.

Keywords Hand strength � Epidemiology �
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Introduction

Grip strength (GS) is a strong predictor of disability

(Ishizaki et al. 2000; Kuh et al. 2005; Nybo et al. 2001;

Rantanen et al. 1994; Rantanen et al. 1999), morbidity

(Alfaro-Acha et al. 2006; Albrand et al. 2003; Klidjian

et al. 1980; Rantanen et al. 1998a, 2000a, 2003), frailty

(Syddall et al. 2003), and mortality (Fujita et al. 1995;

Metter et al. 2002; Milne and Maule 1984; Philips 1986;

Sasaki et al. 2007), even in initially healthy middle-aged

men followed for 30 years (Rantanen et al. 2000a,

2000b). GS can thus be seen as a proxy for health;

additionally, the measurement of GS is cheap and easily

carried out even by trained survey interviewers in non-

clinical settings. Also, the well-known age-dependent

decline (Frederiksen et al. 2006; Kallmann et al. 1990;

Milne and Maule1984; Shechtman et al. 2004) with clear

gender differences at all ages, adds to its suitability as a

reliable general health indicator in population-based

studies covering large age spectrums. In fact, Frederiksen

et al. (2006) found in their longitudinal analyses on the

1905 cohort GS to be predictive of both dropping out of

the survey and of dying, while those who remained in the

study had only small declines when reassessing GS after 2

and 4 years.
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The underlying mechanism of the ability of GS to pre-

dict disability, morbidity and mortality is not yet under-

stood. The age-dependent decline in GS has hitherto

mainly been explained by the age-related decline in muscle

mass (Gallagher et al. 1997), and muscle strength (Visser

et al. 2000a, 2000b. But as the strength decline is more

rapid than the concomitant loss of muscle mass (Good-

paster et al. 2006), it is suggested that there is an ageing-

related decline in muscle quality defined by strength per

unit muscle size (Goodpaster et al. 2008). However, the

age-related decline in muscle functioning may result from

the presence of a chronic, low-level inflammation, as poor

muscle strength, defined as poor GS, is associated with

chronic low-level inflammation (Cesari et al. 2004). Also,

both environmental and genetic factors may be involved in

GS. Recently, Kuh et al. (2002) demonstrated that birth

weight, prepubertal height gain, pubertal growth and early

infant motor development were associated with midlife

grip strength, indicating a beneficial role of early childhood

growth. Nutritional factors in early life may thus be in

involved, but also genetic factors may play a role as twin

studies have shown a substantial genetic component to

muscle strength (Frederiksen et al. 2002; Tiainen et al.

2004, 2009).

Three studies have compared GS measurements across

countries. A Nordic study of 75-year-olds found signifi-

cantly lower grip strength values among Finnish, compared

to Swedes and Danes, but no difference between the latter

two (Era et al. 1994). Albert et al. (2005) found signifi-

cantly lower GS in Indians (India) compared to New York

citizens age 60? year-olds after matching for age, gender,

medical condition and self-rated disability, but not adjus-

ted for height or socioeconomic status (SES). Only one

study (Jeune et al. 2006) has compared GS between three

different European regions, i.e. northern Europe (Den-

mark), continental Europe (France), and southern Europe

(Italy). Although this study was made on an extreme

population-based sample of 98? year olds, it showed a

North–South gradient of mean GS, with substantially

lower GS values in the southern part of Italy compared to

southern France and Denmark. Additionally, the North–

South gradient remained significant after adjustment for

age, gender, height, housing condition, activity of daily

living, cognitive function test, chair stand and comorbidity,

although these factors explained two-thirds of the variation

in GS.

However, studies of exceptional survivors are very

vulnerable to participation rates and non-performance, as

the weakest are most likely to either be non-participant or

to be unable to perform the hand grip test.

As GS is predictive of mortality, morbidity and dis-

ability and is easily measured even in non-clinical settings,

it has become suitable for use as a general objective health

indicator in population-based surveys. In cross-national

surveys it is, however, important to know whether age- and

gender-specific GS is directly comparable across countries,

or if adjustment for country is needed as well, as suggested

by Jeune et al. (2006). The purpose of this paper is to

investigate GS in a population-based sample of Europeans,

aged 50 or older, in order to see whether GS shows age-

and gender-specific cross-national differences.

Methods

The data are derived from the SHARE baseline survey,

which is a large-scale and longitudinally projected Euro-

pean study: The Survey of Health, Ageing and Retirement

in Europe. (http://www.share-project.org) (Börsch-Supan

et al. 2005a, b; Klevmarken et al. 2005). SHARE is the first

cross-national study to include variables on work, retire-

ment, health, health care, psychosocial factors, and socio-

economic position among people aged 50 years or more, in

order to explore the various factors affecting health, ageing

and retirement in an ageing Europe. Eleven countries,

Sweden (SE), Denmark (DK), Germany (DE), Belgium

(BE), the Netherlands (NL), France (FR), Switzerland

(CH), Austria (AT), Spain (ES), Italy (IT) and Greece

(GR), have contributed with data.

Population

The SHARE population sample was drawn as probability

samples from each participating country. Due to institu-

tional differences between SHARE countries, no uniform

sample design could be used, and different sampling

methods had to be applied, varying from simple random

selection of households from national population registers

to rather complicated multi-stage design using regional/

local population registers. These differences are imple-

mented in the design weights, which also take into account

the background population in each country, thus adjusting

for differences in non-participation. Comparison of data

from the SHARE study with data from other prominent

European studies, showed very similar distributions on

employment, income, education and health (Klevmarken

et al. 2005). Data were collected by trained interviewers

using computer-assisted personal interviews (CAPI) con-

ducted in the respondents’ home. Household response rates

varied from 38.8% in Switzerland to 81.1% in France

(Table 1), with a mean for all countries of 61.6%. Nine

countries had rates above 50%. The present results are

based on SHARE data ‘‘Release 2 Beta version’’ and

contain 27,673 individuals in 19,498 households collected

between April and October 2004. Eligible subjects were

50? year-olds living in households including their spouses
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and children. Non-institutionalized persons were excluded.

However, in Sweden, Denmark and the Netherlands they

were included as eligible. As they comprised less than 100

persons their data were kept in the analysis.

Methods and measures

GS was measured using a handheld dynamometer (Smed-

ley, S Dynamometer, TTM, Tokyo, 100 kg). Respondents

were instructed to stand (preferably) or sit, with the elbow

at a 90� angle, the wrist in neutral position, keeping the

upper arm tight against the trunk, and the inner lever of the

dynamometer adjusted to suit the hand (the second pha-

lanxes against the lever). Before the study period, inter-

viewers participated in uniformly and centrally developed

training sessions using a protocol for measuring GS. Also,

the interviewers were instructed to verbally encourage the

participant to squeeze the handles as hard as possible. Two

values were recorded for each hand alternating between left

and right hand. Valid measurements were defined as the

values of two measurements in one hand that differed by

less than 20 kg. GS measurements with values =0 kg or

C100 kg were excluded as well as if GS was only mea-

sured once in one hand. The maximum value (MaxGS) was

defined as the maximum GS measurement of both hands

(2 9 2) or of one hand (2 9 1). Self-reported height

(centimeter) and weight (kilograms) were used in the

analyses.

Level of education was measured using the seven levels

of International Standard Classification of Educational

Degrees (ISCED-97). These levels were recoded into three

groups: low, medium and high education. Various indica-

tors of bad health were used in a dichotomous way: (1)

having 0 or 1 or more (1?) limitation in activities of daily

living (ADL), (2) reporting 0–1 or 2 or more (2?) chronic

conditions, (3) reporting to forgo health care due to

financial problems (no/yes; 0–1), (4) reporting to forgo

health care due to unavailability or inaccessibility (no/yes;

0–1), and (5) having depression [no =(EURO-D score 3 or

less)/yes=(EURO-D score of 4 or more) (33)]. Addition-

ally, in three categories (0; 1–4; 5?), the number of visits

per year to a medical doctor.

Total annual household income (the incomes of all

household members in the participant’s house hold) con-

sists of wages, self-employment income, capital income,

pensions and other payments, rental income, and long-term

insurance payment. The income variable was adjusted for

purchasing power parity (ppp). Financial assets were cal-

culated from the sum of seven broad categories (bank

accounts, securities, mutual funds, individual retirement’s

accounts, contractual savings for housing, and life-insur-

ance policies) minus liabilities rendering a ppp adjusted

‘total household net worth’ (Christelis et al. 2005).

Statistics

Data were analysed using STATA SE version 9 (Stata

Corp, College Station, TX). Mean of unadjusted MaxGS

(mean MaxGS) measures and 95% confidence intervals in

5-year age groups stratified by gender and country were

calculated. Based on the country-specific GS measure-

ments by age, a similar pattern with a northern-continental

to south difference was found in both males and females

with the highest mean GS measurement in the northern-

most and continental countries and the lowest in the

southernmost countries. Subsequently, the countries were

regrouped into two groups, a northern-continental (SE, DK,

DE, NL, FR, CH, AT) and a southern (ES, IT, GR).

Separately for each gender a linear regression on

MaxGS (dependent variable) was performed with height,

weight, age and indicator variables for countries (inde-

pendent variables). For both genders Austria was chosen as

reference group as this country had the highest GS mea-

surements in women, and the third highest in men. To

control for potential confounders we ran additional linear

regression including the following variables: reporting 1?

ADL limitation, reporting 2? chronic conditions, reporting

4 or more depressive symptoms, having low education,

reporting to forgo contact with a medical professional

because of (1) costs, and because (2) unavailability or

inaccessibility, rare or frequent contact with a medical

doctor within last 12 months, total ppp adjusted household

income, and total household net worth.

The average excess strength in the northern-continental

region was calculated using the formula:
P

ŶiP
ŷi

100%� 100%

where the i runs through all individuals in the population

with a valid MaxGS measure, Ŷi is individual i’s expected

score in the northern-continental region, while ŷi is indi-

vidual i’s expected score in the southern region. For the

present analysis we used calibrated individual design

weights, which were obtained by adjusting the design

weights to the total population number in each country by

age group and gender. (Klevmarken et al. 2005).

Results

A total of 27,456 persons participated in the survey.

Descriptive data are shown in Table 1. A valid GS mea-

surement was performed in 25,198 individuals (91.1%; age

range, 50–104 years). Including valid measurements of

height and weight the number decreased to 24,806 (89.6%).

The unadjusted mean MaxGS show an age-dependent

decline with each 5-year age group over the entire age

230 Eur J Ageing (2009) 6:227–236

123



range and in both genders (Figs. 1, 2). In all countries

females have lower age-specific mean MaxGS compared to

men. The highest gender-specific mean MaxGS is seen in

the age group 50–55 years, being 33.8 kg (95%CI: 32.4;

35.1) among Austrian women, and 53.7 kg (95%CI: 52.1;

55.2) among German men. In the same age group the

lowest gender-specific mean MaxGS is seen among

Spanish women and men being 27.2 kg (95%CI: 26.1;

28.2) and 45.1 kg (95%CI:42.8; 47.3), respectively.

Among participants aged 80 and over the highest gender-

specific mean MaxGS is observed among German women

and men being 20.5 kg (95%CI:18.8; 22.1) and 33.4 kg

(95%CI: 31.0; 35.9), respectively, while the Spanish

women and men perform the lowest 16.3 kg (95%CI: 15.2;

17.4) and 23.3 kg (95%CI: 21.4; 25.3), respectively.

Interestingly, at a country level the best performing oldest

old men have about the same GS as the best performing

and youngest women (Figs. 1, 2).

The pattern of decline is similar in all SHARE countries.

However, the data also show geographical differences in GS

in both genders, with the highest scores in northern and

continental (SE, DK, NL, DE, AT, CH, FR) countries and the

lowest in southern countries (ES, IT and GR). Using Aus-

trians as reference in both genders, the regression analysis

controlling for age, weight and height confirms this pattern

by yielding the lowest coefficients in the southernmost

SHARE countries (Table 2), even after adjusting not only for

weight and height but also for potential confounders.

The unadjusted gender-specific average relative exces-

ses of GS in 5-year age groups of the northern-continental

countries compared to the southern countries are in the

range of 11% among 50- to 54-year-old men to 28% among

80? year-old men (Table 3). For women the range is 16–

21% in the corresponding age groups. The unadjusted

absolute differences were likewise significantly lower in

the southern countries in all age groups. Adjusting for

confounders attenuated both the relative excess (19–54% in

men, 38–65% in women) and absolute difference (1.02–

2.49 kg in men, 1.23–2.45 in women) between northern-

continental and southern countries, but they were still

significantly lower in southern countries. The overall

average excess GS of the northern-continental countries

adjusted for age, gender, weight and height was 11.1%.

The absolute difference in GS (kg) tended to be larger in

men than in women in each 5-year age group (Table 3).

Discussion

The result of the present study not only confirms the age-

dependent decline in GS in both genders aged 50 and over,

but it has also led to the novel finding that GS is signifi-

cantly lower in the southernmost and Mediterranean

countries compared to northern and continental countries,

even when controlling for height and weight and potential

confounders. Nevertheless, the pattern of decline in GS
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with advancing age is the same regardless of the latitude of

the participating country.

The SHARE data set is, to our knowledge, the largest

cross-national sample ever collected on GS using the same

method and type of dynamometer. For validation we com-

pared the Danish SHARE GS measurements with those of

a large Danish population-based cross-sectional and longi-

tudinal study of 8,342 males and females aged 50 years

and over, using the same method and dynamometer

(Frederiksen et al. 2006), and we obtained virtually the

same results when comparing within each gender, age and

height strata (data not shown).

Due to different methodologies throughout the 11 par-

ticipating countries for creating a population-based sample,

design weights based on age and gender were implemented

(Klevmarken et al. 2005). However, as both age and gender

are used in the regression analyses, the results based on a

weighted population sample could be affected. The same

Table 2 Regression coefficients with 95% confidence intervals by countries

Men Women

Countrya Coefficient (95% CI) Countrya Coefficient (95% CI)

DE 0.28 (-0.53;1.10) AT Reference group

DK 0.26 (-0.60;1.11) DE -0.16 (-0.71;0.40)

AT Reference group BE -1.11 (-1.62;-0.60)

BE -0.25 (-1.01;0.51) CH -1.14 (-1.81;-0.47)

SE -0.98 (-1.77;-0.20) FR -1.58 (-2.12;-1.04)

NL -1.00 (-1.79;-0.20) NL -1.75 (-2.30;-1.19)

CH -1.22 (-2.16;-0.27) DK -1.98 (-2.58;-1.39)

FR -1.24 (-2.06;-0.43) SE -2.29 (-2.83;-1.74)

GR -3.45 (-4.31;-2.59) GR -3.12 (-3.69;-2.56)

IT -3.47 (-4.33;-2.62) IT -3.50 (-4.05;-2.93)

ES -5.25 (-6.12;-4.37) ES -4.05 (-4.63;-3.46)

GS is the dependent variable, and age, weight, height, depression, number of visits to general practitioner, education, forgo visits to a medical

doctor because of unavailability or cost, income, assets, ADL limitations, chronic diseases as independent variables
a Reference group in both genders is Austria. Ranking order is not similar in men and women
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calculations were therefore made using unweighted data,

but the results did not differ from the results based on the

weighted sample, with the exception that Danish males

were found to be slightly stronger than German males in

the youngest age groups (data not shown).

A limitation to this study is the use of self-reported

weight and height. According to a recent review on height

and weight validation studies in the general population,

there is an under-reporting of overweight, while height is

over-reported (Gorber et al. 2007). Of the included studies

few were from Europe: United Kingdom, Sweden and

Spain and showed a tendency towards Spanish people over-

reporting higher heights than Swedes, i.e. 2.2 cm and

0.7 cm mean difference in self-report minus direct mea-

sure, respectively. No similar pattern was identified in

differences in under-reporting weight. But all in all, the

differences are small and seem to be more of a systematic

bias, than a bias between countries. However, if there is a

clear tendency of the more southern countries over-

reporting higher heights than their more northern peers this

could hamper our cross-national results.

A common training using a standardized protocol and

the same dynamometers can minimize a possible bias in the

measurements, but not exclude the possibility of mea-

surement errors. While others have found a 3–8% mea-

surement error (personal communication), we believe such

an error has very little influence on the uncertainty of the

estimated mean GS value due to the large sample size in

each country. Additionally, in the pretest we did three

measurements on each hand and found the correlations

between the country-specific measurements to be extre-

mely high (r [ 0.9), which is why the number of GS

measurements was limited to only two measurements on

each hand.

Poorer GS in the more southern countries could be

explained by a generally lower stature of southern Euro-

peans compared to more northern Europeans. However,

compared to the unadjusted mean MaxGS, the northern/

continental to south pattern of decline is attenuated, but

still significant when controlling for both height and

weight, thus indicating that other factors related to

nationality are influencing GS.

Other body dimensions, e.g. hand size could affect the

GS, even though, and according to the protocol, this was to

be accounted for by adjusting the dynamometer to the

individual hand. But of course it cannot be excluded that a

slender hand may result in a different measurement than a

broad hand in otherwise matched participants.

The relative excess in GS among northern-continental

men shows a marked augmentation, almost a doubling,

from age group 75–79 years to age 80?. A parallel aug-

mentation among women is seen from age group 65–

69 years to age group 70–74. These marked changes may

be explained by a selection bias. Southern European

countries have fewer nursing homes and a cultural tradition

of old parents living in a household with a child. With the

exception of Sweden, Denmark and the Netherlands, which

all together included less than 100 institutionalized

Table 3 Unadjusted (unadj.) and adjusted (adj.) excess grip strength of northern-continental European countries to southern European countries

by gender

Age

group

Men Women

Excess (%) D (%) Difference (kg) [95% CI] D (kg) Excess (%) D (%) Difference (kg) [95% CI] D (kg)

Unadj. Adj.a Unadj. Adj.a Unadj. Adj.a Unadj. Adj.a

50–54 10.8 6.6 39 5.03 [3.50;

6.56]

2.88 [2.08;3.68] 2.15 15.9 9.0 43 4.34 [3.34;

5.34]

2.33 [1.88;

2.78]

2.01

55–59 11.3 9.2 19 4.94 [3.45;

6.43]

3.86 [3.11;4.61] 1.08 11.6 7.2 38 3.08 [2.24;

3.92]

1.85 [1.42;

2.27]

1.23

60–64 11.8 8.6 27 4.86 [3.56;

6.16]

3.52 [2.83; 4.20] 1.34 15.2 8.9 41 3.76 [2.91;

4.62]

2.23 [1.76;

2.71]

1.53

65–69 18.4 11.3 39 6.95 [5.54;

8.36]

4.46 [3.69; 5.22] 2.49 16.1 9.3 42 3.79 [2.81;

4.76]

2.27 [1.76;

2.78]

1.52

70–74 17.5 11.0 37 6.03 [4.54;

7.52]

4.22 [3.39; 5.05] 1.81 22.9 12.1 47 4.78 [3.73;

5.83]

2.80 [2.23;

3.37]

1.98

75–79 13.2 8.6 35 4.27 [2.66;

5.87]

3.25 [2.28; 4.23] 1.02 23.2 8.2 65 4.32 [3.06;

5.58]

1.87 [1.01;

2.73]

2.45

80? 27.6 12.7 54 6.88 [4.92;

8.84]

4.48 [3.15; 5.82] 2.40 21.4 10.2 52 3.48 [2.20;

4.75]

2.13 [1.32;

2.93]

1.35

Relative (%) and absolute differences (kg), and relative (D %) and absolute (D kg) changes
a Adjusted for depression (dichotomized), number of visits to general practitioner (3 categories), education (3 categories), forgo doctor visits due

to unavailability or costs, chronic diseases (dichotomized), ADL limitations (dichotomized), income, assets, weight, and height
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participants, SHARE only included non-institutionalized

persons. Thus a higher density of frail older people living

in the southern European households is to be expected and

may explain this marked difference in GS.

Genetic influence on GS even within homogeneous

populations, e.g. Danes (Frederiksen et al. 2002) and Finns

(Tiainen et al. 2004), is well documented, and could

explain some of the northern/continental–south discrep-

ancy. In muscle physiological studies on separate ethnic

groups others have shown differences in muscle composi-

tion, muscle anatomy, and muscle metabolism (Saltin et al.

1995). Rantanen et al. (1998b)) found racial differences

with black Americans having better GS than white Amer-

icans at equal levels of disability or physical activity and

suggested the difference to be explained by the black

Americans’ greater muscle mass, as shown by Gallagher

et al. (1997). Gender differences in GS may be explained

by gender genetic differences in muscle mass. Likewise, it

could be hypothesised that the variation in country-specific

GS could partly be explained by genetic determinants of

muscle mass and strength.

The finding of lower level of GS in the southern countries

is intriguing as it is not reflected in a correspondingly lower

life expectancy as could have been expected based on the

well-known association between poor GS and higher risk of

mortality (Frederiksen et al. 2006; Visser et al. 2000a). In

fact, based on life expectancy at birth, Italian and Spanish

women are among the longest surviving Europeans,

although Swiss and French women come very close (Lan-

zieri 2008). Several factors may be in play. One argument

could be that southern Europeans may be weaker due to

population background differences [e.g. genetics, low birth

weight (Kuh et al. 2002)] but due to more favourable envi-

ronment (e.g. warmer climate, better food, and fewer health

hazards) they survive to higher ages. Likewise, the more

continental and northern countries may be genetically

stronger, but living in a less favourable environment (e.g.

colder climate, higher humidity, lower quality of food, more

health hazards) leading to a lower life expectancy at birth.

However, although Italy and Spain are among the top five of

the highest life expectancies in the SHARE countries

(Lanzieri 2008), France, Switzerland and Sweden are the

other three. Specifically looking at the affluent and well-

developed welfare state Sweden, it is interesting to compare

with its neighbouring country, Denmark, which holds an

almost similar welfare system. They have very similar GS

and yet they differ in life expectancy at birth by about

2.5 years in year 2006 (Lanzieri 2008). Cause-specific

mortality and morbidity data suggest that the main reason for

this discrepancy is due to life style factors, especially

smoking (Juel et al. 2008; Juel 2008). Thus, the difference in

life expectancy may be explained by Danes living in a more

hazardous environment than the Swedes, even though they

share genetic determinants for high grip strength. In parallel

to this, Greeks may be genetically weaker (low GS), but also

have lower life expectancy than their Italian and Spanish

peers, due to more hazardous environmental factors with a

strong effect on mortality, not counterbalanced by life

enhancing environmental factors, such as diet or a warm

climate. On the other hand, a higher mortality in earlier ages

among, e.g. Greeks, compared to Italians and Spanish peo-

ple may have lead to a selection of the stronger ones, which

could explain the relatively higher age- and gender-specific

GS in Greeks compared to their Mediterranean peers.

Finally, it could be hypothesised that differences in cur-

rent medical care could influence the GS; e.g. countries with

relatively better health and medical care would have stronger

GS. However, we did adjust for this by using the variables (a)

to forgo care due to unavailability, (b) to forgo care due to

cost, (c) having depressive symptoms, (d) having 1? ADL

limitation, (e) 2? chronic conditions, and (f) seeing an MD

within last 1 year, and it did not change the results. Thus, we

find our results to be in accordance with the findings by

Jeune et al. (2006) of lower GS in the south compared to

two more northern European regions in an unselected pop-

ulation (i.e. including institutionalized) of extremely old

persons (median age 98 years), although they cannot either

differentiate between population background differences

(e.g. genetic variations, childhood conditions) and environ-

mental factors (e.g. lifestyle factors, health care).

Although both genetic and environmental factors may

influence the country-specific differences in GS, it is

interesting to observe that the pattern of decline is similar in

all countries. Longitudinal data from the ongoing SHARE

study may in the future help us understand what the pre-

dictors of future health are, whether measured by mortality,

morbidity or disability levels, and irrespective of country.

Meanwhile, when using GS as a health indicator not

only age, gender and height, but also geographical region

should be accounted for in the analyses.
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